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Experimental data for the single crystal structure determinations of 1.
Figure S1
Contents of the asymmetric unit of 1 at 300 K and 110 K.
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Selected interatomic distances and angles in the crystal structures of 1.
Table S3
Hydrogen bond parameters for the crystal structures in this work.
Table S4
Variable temperature unit cell parameters for 1 from single crystal and powder diffraction data. 3{5}-(Pyrazinyl)-1H-pyrazole (L) was prepared by the literature procedure, [1] while all other reagents were purchased commercially and used as supplied. Elemental microanalyses were performed by the University of Leeds School of Chemistry microanalytical service. Thermogravimetric analyses employed a TA Instruments TGA 2050 analyser. X-ray powder diffraction was collected using a PANalytical X'Pert MPD diffractometer (Cu K 1+2 ), with an in situ liquid N 2 cold stage (Anton Paar TTK450). Data were collected between 2 = 5 and 50°, with a step size of 0.033°; the total time per scan was 20 mins. Rietveld refinements were prepared using PANalytical X'Pert Highscore Plus, using the low temperature single crystal refinement as an initial model. 
Experimental Procedures for the Crystal Structure Determinations
The full diffraction datasets were collected using a Bruker X8 Apex II diffractometer, with graphitemonochromated Mo-K  radiation ( = 0.71073 Å) generated by a rotating anode. The diffractometer was fitted with an Oxford Cryostream low temperature device. The structures were solved by direct methods (SHELXS97 [2] ), and developed by cycles of full least-squares refinement on F 2 and difference Fourier syntheses (SHELXL97 [2] ). All crystallographic Figures were produced using XSEED, [3] which incorporates POVRAY. [4] Experimental data for the crystal structures are listed in Table S1 . The variable temperature unit cell data reported in the manuscript and the ESI were measured with an Agilent Supernova dual-source diffractometer, again using monochromated Mo-K α radiation. The crystal was cooled or warmed between measurements at 2 Kmin −1 under computer control, and poised for 10 mins at each temperature before the measurement was taken.
Crystallographic refinement of [FeL 3 ][BF 4 ] 2 ·xH 2 O (1; x ≈ 3).
The same crystal was used for data collections before and after rapid cooling to 110 K, while a different crystal was used to obtain data at 300 K before, and after, slow cooling to 150 K and rewarming to room temperature. The refinement details were the same in each case. In the slow cooling experiment, cooling below 250 K resulted in twinning of the crystal which was reversed upon re-warming.
The asymmetric unit contains one-third of a complex cation and one-third of a BF 4 -anion, all lying on a crystallographic three-fold axis; and, a very badly disordered region, which lies within a channel running parallel to the c-vector of the unit cell. These channels contain another one-third equivalent BF 4 -ion (which is required for electroneutrality), and approximately one mole equivalent of water per asymmetric unit. A SQUEEZE [5] analysis of all four datasets showed that the channels contain 61 between and 79 electrons per formula unit, with the highest value being observed for the low temperature dataset. Despite the scatter, those values agree reasonably with one BF 4 -and three water molecules (71 electrons in total) as predicted by elemental microanalysis.
The initial datasets, rather than the SQUEEZED ones, were used for the final refinements. For the slow-cooled crystal, at both temperatures the strongest Fourier peaks in the disordered region were refined as two partial BF 4 -sites, whose occupancies were refined against the average isotropic U eq value of the ordered BF 4 -ion B(13)-F(15) at that that temperature. At 300 K the occupancies of these two sites refined to 0.10 and 0.09, which corresponds to 58 % of the total BF 4 -content in the disordered channels. At 110 K the same anion site occupancies refined to 0.14 and 0.12, or 78 % of the total disordered BF 4 -content. The refined restraints B-F = 1.40 (2) The remaining contents of the asymmetric unit were not included in the final models, but are accounted for in the density and F000 calculations. All crystallographically ordered non-H atoms were refined anisotropically, and all H atoms were placed in calculated positions and refined using a riding model. CCDC 992761−992764. 
Fig S1 Contents of the asymmetric unit of 1 at 300 K (left) and 110 K (right), taken from the "rapid cooling" experiment. Displacement ellipsoids are at the 50 % probability level, and C-bound H atoms have been omitted for clarity. Colour code: C, grey; H, pale grey; B, pink; F, yellow; Fe, green; N, blue.
Atoms Fe(1), B(13) and F(14) all lie on the crystallographic C 3 axis ⅔, ⅓, z. Symmetry codes: (i) 1-y, x-y, z; (ii) 1-x+y, 1-x, z; (iii) 1+x-y, 1-y, -½+z; (iv) x-y, 1-y, ½+z. 
Table S4
Unit cell parameters for 1 from single crystal diffraction data, and from Rietveld refinement of X-ray powder diffraction data. These data are plotted in Fig. 3 of the main paper. Single crystal Powder Fig S2 An alternative set of single crystal unit cell data from 1, measured under the same conditions as the data in Fig. 3 (main article) and Table S4 , but using a different crystal.
These data follow the trends in the manuscript between 300→220 K, but are too noisy at lower temperatures to interpret meaningfully. Five crystals were measured in this way during the course of this study, using two diffractometers. All the crystals showed increased errors and noise in their cell parameters below 220±20 K. The data in Fig. 3 and Table S4 also have that property, but to a lesser extent than the other crystals we examined.
Fig S3
Observed and simulated X-ray powder diffraction data from the different phases of 1. Data were measured in variable slit mode, and are uncorrected.
There are diffraction peaks at 2 = 24 and 31°, and at 2 > 35°, which do not have counterparts in the simulation. These may originate from the pore contents which are not resolved in the single crystal refinements and so could not be included in the simulation.
There are no changes to the form of these powder patterns upon cooling, apart from a gradual peak broadening below 220 K which is reversed when the sample is rewarmed. This reduction in crystallinity is consistent with the increased errors on the single crystal unit cell parameters at lower temperatures (Figs. 3 and S2 ).
Fig S4
Changes to the X-ray powder diffraction pattern of 1 during in situ dehydration at 10 -5 torr and 298 K. Data were measured in variable slit mode, and are uncorrected.
The dehydration reaction is essentially complete after 4 hrs. The dehydrated material reconverts fully to the initial phase upon exposure to air, within a period of minutes. The curve has an inflection near 440 K, at a weight loss equivalent to two mole equivalents of lattice water. The weight loss equivalent to a third mole of water occurs near 500 K, but is less well defined. For each nucleus we assign the broader resonance to the more static, crystallographically ordered framework BF 4 − ion; and, the narrower resonance to the (dynamically) disordered in-pore BF 4 − environment.
The weak feature at −149 ppm occurs consistently between samples, and may arise from partial hydrolysis of the in-pore BF 4 − ions to BF 3 (OH) − .
[6]
Fig. S8
11 B NMR linewidths for the in-pore (circles) and framework (squares) BF 4 − ions. Data were measured using the following temperature ramps: slow cool (black); slow rewarm (grey); and rapid quench then rewarm (white).
These changes with temperature are smaller than for the 19 F linewidths plotted in the main article, particularly for the in-pore environment. Although the shape of the in-pore anion curve appears to follow the variable temperature unit cell dependence of 1, the variation is barely outside the error of the experiment.
